A range of criticisms have been aimed at illusion-based studies purporting to demonstrate such function dissociations. Some of these have been resolved by further experiment, but some remain controversial [13] . Among these criticisms are the following. First, that equating comparative perceptual judgements of the sizes of the central discs in the Titchener circles illusion with grasps directed towards just one of the discs (but see [10, 14] ) is problematic. Second, that the obstacle avoidance demands of grasping the disc in the centre of the large circles are lower than those of grasping the disc surrounded by small circles which counteracts the perceptual illusion for grasp. Third, that the surrounding circles, which are twodimensional in contrast to the threedimensional central discs, are irrelevant in grasp formation. Fourth, that illusory displays do, in fact, affect grasping. Fifth, that the relationship between disc sizes and perceptual size estimates have a non-unitary slope -for any increase in the size of the disc the perceptual size estimates increase is larger -and this must be taken into account when making comparisons with grasp size. And sixth, that the illusion still affects action components other than that measured (maximum grip aperture).
The Chen et al. [2] study aimed to eliminate these concerns: no comparative judgments need be made; there are no obstacle avoidance demands; there are no illusion inducers, flat or otherwise; size constancy is perfect for restricted vision with proprioceptive cues; and a correction is applied to account for differences in the slopes of changes in object size of perceptual estimates and grasp apertures. It remains to be seen whether action parameters other than maximum grip aperture are affected regardless of proprioception, although it would not be at all surprising if, for example, latency or speed slowed in conditions of darkness and it would be hard to argue that such changes undermined the argument for a functional dissociation between vision for action and vision for perception in this experiment.
Recent criticisms of evidence for the two-visual-systems hypothesis highlight the need for new approaches. By devising a design that eschews illusion and demonstrates a functional dissociation between perceptual estimates of size and grasp scaling in normal observers, Chen et al. [2] Many receptor-like kinases localized at the pollen tube tip precisely control tube functions in flowering plants. Two recent reports have identified autocrine peptide ligands and receptor systems, providing insight into the molecular machinery that controls pollen tube growth and termination.
When a pollen grain of a flowering plant lands on pistil tissue, the target egg tissue is deeply embedded in the pistil tissue. Genomes of flowering plants have lost the genes to form flagella, which are necessary for sperm motility, so instead they form a pollen tube with precise directionality [1] . ] cyt ) at the tip. To form a fine tubular structure, exocytosis and endocytosis, as well as mechanical properties of the cell wall, have to be monitored and precisely controlled at the pollen tube tip [5] [6] [7] . Moreover, the pollen tube tip perceives various signals for growth stimulation, attraction, capacitation, and final rupture to deliver sperm cells into the female gametophyte (a haploid tissue containing the egg cell) [8] . In the last decade, emerging evidence has suggested that receptor-like kinases (RLKs; serine/ threonine kinases with a single transmembrane domain) work at the pollen tube tip to transduce external signals into the tube, while key ligandreceptor pairs have been scarcely identified. Recently, Mecchia et al. [9] and Ge et al. [10] have identified key autocrine signaling components that maintain proper pollen tube growth and can be disturbed for sperm cell discharge by a paracrine signal from female cells (Figure 1 ).
Among the RLKs localizing at the pollen tube tip, Catharanthus roseus RLK1-like subfamily (CrRLK1L) is believed to monitor and maintain cell wall properties of the pollen tube [11] . CrRLK1L attracted attention when the FERONIA (FER; named after the Etruscan goddess of fertility) gene was identified [12] . FER is the gene responsible for fer/sire`ne mutants, which are defective in termination of the pollen tube by the egg-accompanying cell (i.e., synergid cell). The synergid cell attracts the pollen tube and induces rupture at the tip upon arrival of the tube [1] . In female tissue of fer loss-of-function mutants, pollen tubes cannot stop growing to discharge sperm cells and show an overgrowth phenotype in the female gametophyte. FER encodes CrRLK1L, which has malectin-like domains in its extracellular domains. In animal cells, malectin binds to maltose. Therefore, CrRLK1L is believed to interact with carbohydrates to monitor the extracellular matrix (cell wall) of plant cells. FER is ubiquitously expressed in various tissues and is involved in plant development, growth, and the immune system [11] . There are 17 CrRLK1Ls in the Arabidopsis genome. Interestingly, the two closest homologs of FERONIA, ANXUR1 and 2 (ANX1 and 2; named after the consort of Feronia), are expressed predominantly in the pollen tube and are essential for pollen tube growth [13] . In the anx1 anx2 double mutant, pollen tube growth cannot be maintained to precociously rupture at the tip. ANX1,2 coordinate cell wall integrity through NADPH oxidase-mediated ROS production. This is an interesting example where sister genes, duplicated from an ancestral gene, function in opposite-sex cells for male and female interaction. However, the ligands of these receptors and whether the ligands are the same remain unclear.
A ligand of FER was identified during the search for a receptor for a class of cysteine-rich peptides (CRPs), RAPID ALKALINIZATION FACTOR1 (RALF1) [14] . FER was identified by proteome analysis of phosphorylated proteins of Arabidopsis roots after providing RALF1 to the roots. RALFs exhibit alkalinization properties of plant cell culture, acidification of cells, and cell expansion during development and growth [15] . There are 37 RALF genes in the Arabidopsis genome, which can be classified into several groups by gene structure. FER was further shown to be the receptor for several RALFs, including RALF23, in the plant immune system [16] , although the ligand of FER in pollen tube reception and the ligand of ANX remain unknown. Mecchia et al. searched for RALF peptides working in pollen tubes to understand RALF signaling. Among the RALF peptides expressed in the pollen tube, the researchers focused on RALF4 and RALF19, the closest homologs. The ] cyt -associated protein kinase 1 (CAP1), were identified as new receptors. BUPS is predominantly expressed in the pollen tube. The bups1 bups2 double mutant precociously ruptured to discharge pollen tube contents, similar to the anx1 anx2 double mutant. Considering this phenotype, BUPS was named after Buddha's Paper Seal in the famous Chinese novel Journey to the West. The paper seal kept a monkey king, Sun Wukong, imprisoned for hundreds of years. RALF4,19 were focused on as ligand candidates of BUPS because of their inhibition of pollen germination when overexpressed [17] and their abundant and predominant expression in pollen. RALF4,19 was likely to be secreted toward the tip. Finally, RALF4,19, but not RALF23, were shown to directly interact with BUPS1,2. These two peptides also interact with ANX1,2, and BUPS1,2 and ANX1,2 interact with each other. The interaction between RALF4,19 and BUPS1,2 and ANX1,2 is likely specific because RALF23, a ligand of FER, binds to FER but not to BUPS or ANX. The dissociation constants of these RALFs and CrRLK1L were in the low micromolar range. Considering that the anx1 anx2 and bups1 bups2 double mutants showed the same phenotype of pollen tube rupture, these results are consistent with a model in which ANX1,2 and BUPS1,2 form a heterodimer. In the future, it will be important to clarify whether RALF4,19 binding induces the heterodimerization of ANX and BUPS, and how LRX is involved in the ligandreceptor complexes.
Interestingly, Ge et al. further showed that RALF34, the closest homolog of RALF4,19, induces pollen tube rupture, even at a concentration of 2 nM. In contrast, RALF4,19 do not induce this activity, even at a concentration of 20 mM. RALF34 is expressed in female tissue and competes with RALF4,19 in vitro for interaction with BUPS1 and ANX1. It has been hypothesized that RALF34 controls pollen tube rupture for sperm delivery in the female gametophyte. The translational reporter RALF34-GFP is mainly expressed in nucellus tissue surrounding the female gametophyte, although direct interaction of the pollen tube with the synergid cell in the female gametophyte is critical for pollen tube rupture. Single knockout of RALF34 did not show any phenotype, which might imply the existence of redundant female RALF peptides at this step. Many questions remain unanswered, such as how the timing of pollen tube rupture is controlled and the relationship between the RALF34 and FER pathways required to induce rupture. Severe species specificity in pollen tube reception [12] has not yet been solved because putative mature RALF34, a close relative in Arabidopsis lyrata, appears identical to that in A. thaliana.
During the long journey, pollen tubes perceive various CRPs by various RLKs at their tips. Autocrine signaling mediated by RALF4,19 and ANX-BUPS is critical to maintain proper, long-distance tube growth by coordinating cell wall integrity at the tip. Considering that LRX and glycosylphosphatidylinositol-anchored proteins LORELEI and LORELEI-LIKE [18] are involved in CrRLK1L receptor complexes, the molecular machinery is likely more complex and dynamic. It has also been suggested that FER acts as a RALF-mediated scaffold that modulates RLK complex assembly in the plant immune system [16] . In contrast, pollen tubes grow through different tissues of the pistil to deliver the sperm cell, by which pollen tubes receive tissue-specific paracrine signals, including CRPs [8] . POLLEN RECEPTOR-LIKE KINASE family, which is also critical for pollen tube growth, perceives different tissue-specific CRPs, including synergid-derived attractant LUREs [19] . Some of the biggest questions that remain are how external autocrine and paracrine signals for the pollen tube tip change during the long journey and how pollen tubes respond to them. Such an issue was raised more than a decade ago [20] . Currently, many, but not all, key CRP ligands and RLKs are available. Live-cell imaging and structural analyses of the dynamics of ligandreceptor complexes, as well as downstream signal transduction, will be important directions of future research. The pollen tube is a great model to tackle.
The inherited bacterium Wolbachia is an important component of the biology of many arthropods. What makes it so common? An analysis of drosophilids revealed one strain host shifts at a surprisingly high rate, infecting eight species in under 30,000 years.
If you were to go into your garden, pick up an insect and sequence it, the DNA sequence obtained would likely be from two sources. First, there would be the standard nuclear and mitochondrial genomes of the insect host. Second, there is a high likelihood that there would be sequences from heritable microbes -bacteria that pass from a mother to her progeny and represent part of the 'extended genome' of the insect [1] . These heritable microbes are important modulators of the biology of their hosts, in some cases parasitic and others beneficial. Heritable bacteria perform a variety of functions. They may synthesise amino acids or B vitamins for their host, defend them against various natural enemies, affect thermal tolerance but may also manipulate reproduction, favouring the survival and production of infected female hosts at the expense of males.
Amongst the many heritable microbes you might have found in your garden insect, Wolbachia is by far the most common. Surveys report Wolbachia infection in 15-25% of species [2, 3] , and statistical estimates are higher, suggesting that up to 52% of species may be infected with one or more strains of this microbe [4] . Wolbachia contrasts with other heritable bacteria that occur either commonly in a phylogenetically narrow group (for example, Hamiltonella in aphids and whiteflies) or exist broadly but in fewer host species (such as Cardinium) [2] . Wolbachia occurs broadly and commonly. However, the factors underlying the Wolbachia pandemic are unclear.
The number of species that carry Wolbachia is a product of its capacity to move across into new host species -known as 'host shifting'. Whilst its transmission is through maternal inheritance alone in all but a few cases, the observation of closely related Wolbachia strains in distantly related host species tells us the microbe occasionally host shifts, establishing itself in phylogenetically distant arthropod taxa. These 'horizontal' transfers are only very rarely observed during laboratory study but occur sufficiently over the long term to drive Wolbachia into 25-52% of host species.
A new study in this issue by Turelli et al. [5] demonstrates that particular Wolbachia strains may show rates of establishment in new species that are much higher than previously considered. The work focuses on one strain -wRi -in drosophilids. wRi was first observed spreading through Californian D. simulans populations in the 1980s and 1990s [6] , a seminal observation of how rapidly Wolbachia could establish in a population. The
